Abstract. The sonic hedgehog (Shh) pathway is known to be vital in embryonic development and cancer propagation due to its irreplaceable role in cell proliferation and differentiation. GDC-0449, a basal cell skin cancer target drug approved by the Food and Drugs Administration, is a smoothened (Smo)-specific antagonist. Although it has been clinically verified as a valid drug for the treatment of skin and pancreatic cancer, the application of GDC-0449 in gastric cancer requires further investigation. In the present study, high-glucose Dulbecco's modified Eagle's medium with 10% fetal bovine serum was used for routine SGC-7901 cell line culture. A Cell Counting Kit-8 assay was employed for determination of the reproductive rate of the cells. Flow cytometry was performed to determine the apoptosis status of the SGC-7901 cell line through Q4 analysis. Reverse transcription-quantitative polymerase chain reaction and Western blot analyses were used as target molecule detection vehicles. As expected, GDC-0449 reduced the expression levels of Shh-associated molecules, including Smo and gli1, compared with the blank group. The rate of cell proliferation was markedly limited and was accompanied by an increase in the apoptotic rate following GDC-0449 exposure. In addition, further investigations confirmed B cell lmyphoma-2 (Bcl-2) as the downstream molecular mechanism of GDC-0449 efficacy. Of note, representatives of the cancer stem cell (CSC) surface marker, CD44 and CD133, demonstrated a similar trend to the Smo restriction observed. By repressing the expression of Bcl-2, GDC-0449 inhibited the normal proliferation of SGC-7901 cells, and accelerated the apoptotic rate of the cells. It may also alter CSC properties due to the reduction in the expression of surface markers.
Introduction
Gastric cancer has become a nationwide epidemic due to changes in lifestyle and deterioration of the environment threatening human health. Gastric cancer has the second highest rate of incidence of cancer in males in China, and is one of the top five causes of cancer-associated mortality (1, 2) . Due to its critical malignant properties and poor clinical prognosis, several investigations have been performed to identify curative therapies, with little success. Surgical resection at the early stage and chemotherapy at the late stages prevails as the current treatment strategy, which limits the amelioration of long-term efficacy (3, 4) . The key to developing novel therapeutics is to clarify the molecular mechanisms underlying the development and expansion of cancer, which allow for specific targeted regimens, rather than less specific measures.
The sonic hedgehog (Shh) signaling pathway has increased in interest in the scientific community, owing to its potential in cancer (5) (6) (7) . Shh is a highly-conservative pathway in mammals. The soluble ligand, Shh, is excreted into the extracellular matrix and makes contact with the trans-membrane receptor, Patched, which induces an inhibitory effect on the downstream smoothened (Smo) molecule. Subsequently, the released Smo transfers into the primary cilium, leading to an intracellular cascade and activation of Gli transcription factor family. Gli1 is a positive-regulator of cell proliferation as a result of stimulating the expression of downstream genes (8) (9) (10) (11) . It has been demonstrated that the inhibition of any component of the pathway results in early death and deformity, particularly for Smo and Gli1, indicating its possible role in controlling cancer growth (12, 13) .
It is well-known that embryogenesis shares similar biological behavior with tumorigenesis in its pattern of cell proliferation and invasion (14, 15) . The interplay between these two processes suggests the potential effect Shh may have on a neoplasm (16) . Several studies have confirmed that the Shh pathway is abnormally activated in patients with cancer, and artificially induced inhibition of signaling leads to tumor narrowing (17) (18) (19) . Following exposure to an Shh-antagonist, a decrease in pancreatic cancer malignancy was observed, in the form of proliferation restriction and apoptosis increase (20, 21) . In addition, malignant hepatic carcinoma showed a similar reduction in progression as that observed in pancreatic cancer (19, 22, 23) . However, the association between gastric cancer and Shh signaling remains to be fully elucidated, warranting investigation of the interconnection of the two. Shh-targeted inhibitors may offer potential benefit for patients with gastric cancer, if theoretically and clinically approved. GDC-0449 is an Smo antagonist, and its clinical superiority has been approved by the Food and Drug Administration (FDA) for the treatment of basal cell skin cancer (24, 25) . The efficacy of GDC-0449 has been assessed in several types of solid tumor in vivo and in vitro (25, 26) , although the effects in gastric cancer remain to be elucidated. Due to its promising anticancer effect in various tumors, the present study aimed to investigate whether GDC-0449 exerts similar effects in gastric cancer and examine the possible underlying mechanisms.
Materials and methods
Antibodies and reagents. Western blot detection reagents were purchased from Thermo Fisher Scientific, Inc. (Waltham, MA, USA). GDC-0449 was purchased from Selleck Chemicals (Houston, TX, USA). All other chemicals used in the present study were purchased from Invitrogen (Thermo Fisher Scientific, Inc.) and other domestic qualified providers.
Cell culture. The SGC-7901 cell line was obtained from American Type Culture Collection (Manassas, VA, USA) and cultured in high-glucose Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher Scientific, Inc.) supplemented with 10% fetal bovine serum (FBS; Sijiqing Bio-engineering Co., Ltd., Hangzhou, China), and 1% penicillin and streptomycin (Thermo Fisher Scientific, Inc.) at 37˚C, in a humidified atmosphere of 95% air and 5% CO 2 . Passages were used when the cultured cells were at stable status of 70-80% confluence. Routine renewal of culture medium and cell cryopreservation were managed in a standard, sterile environment. assessment. The SGC-7901 cell line was cultured in complete medium in a 96-well plate (100 µl in each well) at a cell density of 1x10 5 /ml, and each group comprised five replicates. Following 24 h pre-culture, dimethyl sulfoxide (DMSO) and 5-50 µM GDC-0449 were added into the wells and co-cultured for 24-48 h prior to assessment. Subsequently, CCK-8 reagent (Vazyme Biotech Co., Ltd., Nanjing, China) was added to the wells, and the optical density (OD) values were determined using a FLx800™ Fluorescence Microplate Reader (BioTek Instruments, Inc., Winooski, VT, USA) after 4 h. At a wavelength of 450 nm, the OD values were counted and used to calculate the proliferation rate. A single replication plate was used at each time point, and the whole assessment was repeated at least three times.
Cell Counting
Apoptosis assessment. The cells were incubated with complete medium at a cell density of 1x10 5 /ml. Following 24 h pre-culture, DMSO and GDC-0449 (5, 10, 20 and 50 µM) were added to the wells and co-cultured for 24 and 48 h prior to assessment. Subsequently 37˚C trypsin (Beyotime Institute of Biotechnology, Haimen, China) was used for isolation, prior to three applications of centrifugation (300 x g, 5 min, 4˚C) and phosphate-buffered saline (PBS) washing steps to purify the cells. Annexin V-propidium iodide antibodies (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) were added and incubated for 15 min at 25˚C. Flow cytometry (FACSCanto™ II; BD Biosceiences, San Jose, CA, USA) was then performed for the assessment of apoptosis, to calculate the percentage of cells in Q4, which indicates early apoptosis. The assays were performed in triplicate.
Western blot analysis. Cells grown in dishes were washed once in PBS, and lysed in radioimmunoprecipitation assay buffer [50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS) and protease inhibitors] for 10 min on ice. After being cleared by centrifugation (13,200 x g, 20 min) at 4˚C, the protein concentrations were determined using a Bicinchoninic Acid Protein Assay kit. (Aspen Biological, Wuhan, China). The lysates (40 µg protein) were then mixed with protein loading buffer, separated by 8 or 10% SDS-polyacrylamide gel electrophoresis, and transferred to a nitrocellulose membrane (EMD Millipore, Billerica, MA, USA). A working dilution of the primary antibodies was made using 1% non-fat milk-PBS with Tween (PBST). The membrane was incubated with the diluted primary antibodies for 1 h at room temperature or overnight at 4˚C with gentle agitation. The membrane was then washed in 1X PBST three times (10 min/wash) with agitation. Subsequently, the membrane was incubated for 1-2 h at room temperature in an appropriately diluted secondary antibody solution, prepared in the same blocking buffer as the primary antibody. The membrane was washed a further three times in 1X PBST (10 min/wash) with agitation. The chemiluminescent substrate (KPL, Gaithersburg, MD, USA) was prepared prior to use, according to the manufacturer's protocol. The membrane was incubated in the substrate as instructed by the manufacturer. The blots were then scanned (LiDE 110; Canon, Inc., Tokyo, Japan), and analyzed using ImageJ2 software (National Institutes of Health, Bethesda, MD, USA) All results were verified in triplicate. The primary antibodies used were as follows: Rabbit anti-human glyceraldehyde 3-phosphate dehydrogenase (1:10,000; cat. no. ab37168; Abcam, Shanghai, China); rabbit anti-human Gli1 (1:1,000; cat. no. sc-20687; Santa Cruz Biotechnology, Inc., Dallas, TX, USA); and rabbit anti-human Bcl-2 (1:1,000; cat. no. 2870S; Cell Signaling Technology, Inc., Danvers, MA, USA). The secondary antibody used was a peroxidase-conjugated goat anti-rabbit immunoglobulin G (H+L) (1:5,000; cat. no. 074-1506) purchased from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA, USA).
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) assay. Total RNAs were extracted from the colon cancer cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse transcription was performed using PrimeScript RT Master mix (Takara Biotechnology, Co., Ltd., Dalian, China), according to the manufacturer's protocol. The cDNAs (2 µl) were amplified in a 25 µl reaction system using SYBR Premix Ex TaqTM (Takara Biotechnology, Co., Ltd.). Primers (10 µM each) specific for each of the signaling molecules were designed using NCBI/Primer-BLAST (http://blast.ncbi.nlm.nih. gov/Blast.cgi) and used to generate the PCR products. For the quantification of gene amplification, qPCR was performed using an Applied Biosystems StepOnePlus™ Real-Time PCR system (Thermo Fisher Scientific., Inc.). The following gene specific primers were used: Smo forward 5'-CTG GTA CGA GGA CGT GGAGG-3' and reverse 5'-AGG GTG AAG AGC GTG CAGAG-3'; Gli1, forward 5'-TTC CTA CCA GAG TCC CAAGT-3' and reverse 5'-CCC TAT GTG AAG CCC TATTT-3'; CD44, forward 5'-GTA GTA CAA CGG AAG AAACA-3' and reverse 5'-TGT GAG ATT GGG TTG AAGAA-3'; CD133, forward 5'-GCA CTC TAT ACC AAA GCG TCAA-3' and reverse 5'-CAC GAT GCC ACT TTC TCACT-3'; Bcl-2, forward 5'-GAC TTC GCC GAG ATG TCCAG-3' and reverse 5'-GGT GCC GGT TCA GGT ACTCA-3'; β-actin, forward 5'-TCA CCC ACA CTG TGC CCA TCT ACG-3' and reverse 5'-CAG CGG AAC CGC TCA TTG CCA ATGG-3'. Target sequences were amplified at 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. β-actin was used as an endogenous normalization control. All assays were performed in triplicate and were calculated on the basis of ΔΔCq. The n-fold change in mRNA expression was determined according to the 2 -ΔΔCq method (27) .
Statistical analysis. The data in each group are expressed as the mean ± standard deviation. Differences between groups were analyzed using one-or two-way analysis of variance using Prism 5 statistical analysis software (GraphPad Software, Inc., San Diego, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

GDC-0449 downregulates the Ssh pathway by antagonizing the activity of Smo.
As described above, GDC-0449 is a Smo antagonist, which attenuates the progression of skin cancer and several types of solid tumor. The results of the RT-qPCR assays performed in the present study confirmed that the expression of Gli1 reduced markedly in the SGC-7901 cell line when treated with GDC-0449, which occurred in a dose-(5-50 µM) and time-dependent manner (Fig. 1A) . A higher dose and longer exposure duration resulted in lower expression levels, and vice versa. Up to 70% of the expression level was restricted at the highest state of inhibition. Western blot 
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analysis confirmed the inhibitory effects of 10 µM, compared with the control group (Fig. 1B) . These findings indicated that GDC-0449 was a Smo antagonist and was used in the following experiments.
Cell reproduction rate is inhibited in the SGC-7901 cell line on GDC-0449 exposure. Shh signaling is vital for cell proliferation, therefore, the present study hypothesized that the Smo antagonist, GDC-0449, can reduce the proliferation (Fig. 2) . In further data analysis, 48 h exposure restricted cell growth more markedly, compared with that observed at 24 h (Fig. 2) . The highest dose suppressed over half of the reproduction rate observed in the blank group.
GDC-0449 increases the apoptotic rate of the SGC-7901 cell line.
The inhibitory effect on growth, described above, led to the investigation of whether the induction of apoptosis by GDC-0449 contributed to the apoptotic effect. Flow cytometry is the standard measure to calculate apoptotic rate. The Q4 percentage refers to early apoptosis and provides a good representation of drug-induced apoptosis. As expected, an increase in the apoptotic rate was observed in the SGC-7901 cell line, in a dose-and time-dependent manner following GDC-0449 exposure (Fig. 3) . In contrast to the results of the CCK-8 test, a 50 µM dose led to a reduction in the early apoptotic rate, compared with the rate at 20 µM, with a higher ratio of necrosis, suggesting that 20 µM may represent the peak anti-apoptotic efficacy, rather than 50 µM (Fig. 3) , which exerted a more toxic effect. This result may partially explain the antigrowth efficacy of GDC-0449.
Bcl-2 is a downstream target of GDC-0449.
Bcl-2 is a widely investigated confirmed anti-apoptoric gene, which is involved in different procedures of cell fate determination. The pro-apoptotic activity of GDC-0449, described above, suggested that Bcl-2 may contribute to this effect. RT-qPCR (Fig. 4A) and western blot (Fig. 4B) analyses were performed to confirm this hypothesis by determining the expression levels of RNA and protein. The expression level of Bcl-2 was reduced in a dose-dependent manner. At the peak level of inhibition, over half of the expression was decreased, which demonstrated the critical role Bcl-2 may have in the GDC-0449's downstream target.
Cancer stem cell surface markers share inhibitory effects with Smo. CD133 and CD44 have been recognized as gastric cancer stem cell surface markers. Markers represent the status and stem-ness of the cells. No previous studies have reported the latent association between GDC-0449 and surface markers. In the present study, the compelling RT-qPCR data showed a notable decline in the expression of surface markers in a dose-and time-dependent manner, compared with the blank group (Fig. 5) . These results suggested that GDC-0449 and the Ssh signaling may affect cancer stem cells via a specific pathway, which remains to be elucidated.
Discussion
Gastric cancer has the highest incidence and cancer-associated mortality rates of all types of cancer of the digestive system (28) . At present, there are no targeted treatment regimens, limiting the improvement of 5-year survival rates in patients with advanced disease (29) . Several clinicians and researchers have devoted substantial efforts to improving treatment of the malignancy.
The Ssh pathway has been actively investigated, in terms of its regulation of embryonic growth, and is key in tissue differentiation and in the formation of the central nervous 
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A system in mammals (30) (31) (32) . As the expansive proliferation of cancer cells is similarity to that of embryonic development, the critical role of Shh in cell proliferation and differentiation has led to it being associated with tumorigenesis in cancer. Previously published evidence has indicated an interaction between Ssh signaling and tumor malignancies. In almost every type of solid tumor, marked abnormal activation of the Ssh pathway exists, often in contrast to the reduced expression levels observed among normal differentiated tissues (33, 34) . Previous studies have demonstrated that Shh-target treatment conveys superior antitumor value in skin cancer, and several types of solid tumors are in accordance with its theoretical mechanisms (21, (35) (36) (37) . This has led it to become a focal area of investigation for oncologists and pharmacologists. GDC-0449 has risen in prominence as a novel Smo inhibitor. Owing to its clinical approval by the FDA for the treatment of basal cell carcinoma, GDC-0449 provides superior effects, compared with its relatives in the Shh-antagonist family in terms of its medical efficacy (38, 39) . According to in vivo and in vitro assays, pancreatic cancer is also affected by the GDC-0449, indicating a probable assault in digestive tumors as well (24, 40, 41) . The fundamental preliminary experiments in the present study also exhibited clinical excellence in treating colon cancer cells. Taken together, the present study on gastric cancer provided significant and timely results, indicating the irreplaceable role of the 'Shh-Smo-Gli' pathway and the underlying antagonist in gastric cancer. Further investigation of the downstream mechanisms identified Bcl-2 as a target site for GDC-0449, required to exert its functions.
However, a convincing and comprehensive set of results includes in vivo and in vitro confirmation, regardless of successful but restricted in vitro outcomes. Consequently, more detailed assays are required to obtain these data, with the aim of providing potential clinical benefit in the future.
Cancer stem cells have attracted attention in the scientific community. Ssh signaling is considered to be involved in regulating the stem-ness of CSC (42) . Tumor invasiveness, relapse and metastasis are markedly associated with CSC (43) . The suppression of CSC and its natural properties may reduce malignancy and improve patient prognosis. This interplay between Ssh signaling and cancer stem cells requires further investigation. In the present study, CD133 and CD44, which are surface markers of gastric cancer stem cells, showed significantly reduced expression levels in the SGC-7901 cell line following exposure to GDC-0449, indicating that GDC-0449 and the Ssh signaling pathway may affect the maintenance of gastric cancer stem cells.
In the present study, GDC-0449 demonstrated similar antitumor efficacy in the SGC-7901 cell line as skin and pancreatic cancer. In a dose-and time-dependent manner, exposure to GDC-0449 reduced the normal replication of the cells and triggered apoptosis in a destructive manner. The anti-apoptotic Bcl-2 gene was identified as a downstream target of GDC-0449 in the repression of expression. Furthermore, the effects on the CSC surface markers indicates the requirement to investigate potential mechanisms underlying the interactions of GDC-0449 and Shh with cancer stem cells. The results of the present study confirm that GDC-0449 may be a suitable candidate for use in gastric cancer therapy, and may benefit future patients.
